The aim of this work was to study the removal of three pesticides using conventional drinking water treatment (DWT) processes. These methods are the most used in Brazil, and include coagulationflocculation of water. The pesticides/metabolites evaluated were: endosulfan, ethylenethiourea (ETU), and 1,2,4-triazole. The laboratory tests were carried out in triplicate using the jar test.
INTRODUCTION
Trace organic contaminants in potable water have become an increasing cause of concern for governments and water authorities around the world, because the impact of prolonged low-level exposure on human health is not clearly understood as yet. Therefore, it is vital that effective water treatment processes be employed to remove trace organic contaminants, thus ensuring that any potential human health risks are mitigated prior to consumption (Alexander et al. ) .
Half-life, sorption, and solubility are the properties that most significantly affect the presence of pesticides in water. Highly sorbable and persistent pesticides remain sorbed in the soil and can contaminate surface waters; persistent but weakly adsorbed pesticides (low K oc and high half-life) are leached from the soil, contaminating groundwater. Non-persistent and weakly sorbed compounds (low K oc and half-life) can contaminate both surface waters and groundwater (Cerejeira et Among the pesticides that present a risk of water contamination, three were selected for this study: endosulfan, mancozeb, and epoxiconazole.
Endosulfan is one of the most used pesticides on coffee crops in Brazil to control the coffee berry borer (Hypothenemus hampei). Endosulfan is a toxic compound, with great potential for bioaccumulation, and is one of the persistent pollutants banned worldwide by the Stockholm Convention.
In Brazil, the marketing of products based in 'endosulfan' will be discontinued beginning in August 2013.
Endosulfan is one of the most abundant organochloride pesticides in the global atmosphere and is capable of undergoing long-range transport to remote locations, such as the Arctic. Degradation of isomers, α-and β-endosulfan, Therefore, the aim of this study was to evaluate the removal of three compounds, which present great potential for contamination of surface water, by conventional DWT processes.
METHODS
Before carrying out experiments to evaluate the efficiency of conventional water treatment on the removal of selected compounds, preliminary tests were conducted to assess the behavior of the substances used to prepare synthetic water (kaolin and sodium bicarbonate) and to determine jar test conditions that would simulate the operation of a treatment plant of water for human consumption.
The synthetic water was prepared with the following characteristics: turbidity between 10 ± 1 uT (dry season) and 100 ± 5 uT (rainy season), and alkalinity of 15 ± 3 mg matter. Adsorption of the contaminants by kaolin was investigated prior to coagulation-flocculation tests. Table 1 shows the characteristics of the pesticides and metabolites studied.
Preliminary tests
In order to analyze the feasibility of using kaolin to add turbidity and apparent color to the study water, the material was characterized according to its BET (BrunauerEmmett-Teller) surface area and porosity.
The adsorption of contaminants (ETU, 1,2,4-triazole, and endosulfan) and change in alkalinity were also investigated. A sample of synthetic water was prepared using 100 ± 5 uT; the alkalinity was monitored every 15 min for 3½ hours, and then at the end of 36 hours.
To investigate the adsorption of contaminants, tests were carried out with different ratios/proportions between the masses of the adsorbent and the adsorbates, as shown in Table 2 .
The adsorption tests with ETU and 1,2,4-triazole were conducted using a benchtop shaker (QUIMIS ® , model Q816M20, 220 V), at room temperature, with 100 mL of Aluminum sulfate and alkalinity were added using prepared solutions at 1%. One hundred and fifty-six tests were carried out, and the optimum conditions were identified 
Jar test and filtration
Bench tests were carried out in triplicate, using the jar test method, to reproduce the conventional water treatment systems that are used to produce drinking water: coagulationflocculation and sedimentation, followed by filtration. The ETU and 1,2,4-triazole pesticides (both with 98% purity)
were added to the study water in two different con- The jar test equipment used was from Nova Ética, 218/ LDB06 model, fitted with 2 L glass beakers (tall form). The decanted water samples were collected using glass volumetric pipettes with cut-off tips to allow the suspended material to enter. These adaptations were used to minimize possible adsorption of contaminants by the jars and by the equipment used in the original collection system of samples, which are made of acrylic and rubber, respectively. The glassware used in the experiments was previously washed using Merck's Extran ® neutral detergent and rinsed with clean tap water. After this step, the glassware was washed using ultrasound (three washes of 15 min each), acclimatized in deionized water, and dried in an oven (150 W C for 2 hours). The bottles used to store the samples to be analyzed by chromatography were also acclimatized using n-hexane (Merck) and labeled.
The liquid effluents generated in the laboratory were properly collected and packed in canisters, previously labeled, and forwarded to the Department of Environmental Management of UFMG.
Analytical techniques
The apparatus used for measuring pH, color, and turbidity in the tests were the Quimis ® pH meter, HACH ® DR2800 
RESULTS AND DISCUSSION Preliminary tests
The results obtained in the characterization of kaolin powder, used to prepare turbid water for this study, indicated that the material surface BET area is equal to 5.30 m 2 g À1 and is not porous.
There was no change in alkalinity with 2.5 mg L
À1
CaCO 3 , during monitoring, even after 36 hours of evaluation. These results show that the kaolin used in the preparation of synthetic turbid water should not interfere with the alkalinity of the water during the tests.
When comparisons of different concentrations of ETU and 1,2,4-triazole were performed over time, including the zero hour time, the tests showed p-values greater than 5%.
This indicates that there is no difference in the results of the medians in relation to sample collection times. In the case of endosulfan (α and β), contaminant retention by kaolin was less than 3%.
Under these conditions, kaolin should not retain the contaminants and, therefore, can be used to simulate turbidity and color in the water in the bench scale tests. Water -dry season After decantation
Determination of optimum conditions for the jar test

>91% >93%
After filtration >95% >99%
Water -rainy season After decantation
>66% >71%
After filtration >97% >98% contaminants. Therefore, the authors concluded that there is a potential to investigate the efficiency of new generation, high-performance coagulants for removing trace organic contaminants.
According to Table 1 , endosulfan has low solubility, high molecular mass, high hydrophobicity (log K ow ) and Considering that conventional DWT is efficient in removing turbidity from water, and that this parameter is associated with suspended particulate material, this treatment technique helps to remove contaminants that have lower solubility in water and higher K oc , K ow , and molar mass.
Analysis of seasonal variation (type of water) in pesticide removal
In general, there was no evidence of difference in the percentage of contaminant removal in relation to the type of synthetic water. This fact is justified by the low adsorption of contaminants by kaolin.
A difference in the percentage of contaminant removal was only observed in relation to water turbidity (p < 0.05), In the other cases (ETU analyzed spectrophotometrically; endosulfan analyzed by GC/MS-MS), the analysis was performed using the results obtained for the two types of water. However, the removal of the pesticides analyzed was not equal to the removal of solids that characterize turbidity and apparent color. Given the uncertainty surrounding the potential impacts of prolonged ingestion of trace organic contaminants on human health, it is vital that effective and sustainable treatment methods be utilized.
Therefore, it is essential that effective water treatment processes be employed to remove trace organic contaminants, thus ensuring that any potential risks to human health are mitigated prior to consumption. Consequently, until more suitable methods for water treatment are implanted, developing countries such as Brazil should restrict the use of soil in watersheds in which surface water is used for the public supply. These restrictions should include the prohibition of certain activities, such as agriculture, which require the intensive use of pesticides.
In these watersheds, there should be greater conservation No significant influence (p < 0.05) was observed using synthetic water prepared with kaolin for the rainy and dry season waters. However, the removal of pesticides decreases with higher initial concentrations of the contaminants.
Regarding the removal of contaminants, ETU and 1,2,4-triazole resulted in the lowest removal percentages (ETU: median 11% in decanted water and 1,2,4-triazole 18%
in decanted water), as compared to endosulfan (median 54% in decanted water). This fact can be justified by the low solubility of endosulfan in water at 20 W C, with high K oc , K ow , and molar mass, as compared to the other two pesticides. Therefore, the physico-chemical properties and hydrophobicity of the compounds are important factors to be considered regarding pesticide removal from water. However, it is necessary to make clear that hydrophobicity is not the sole factor governing the removal of trace organic contaminants by coagulation. This implies that the usual method of coagulant selection, based on turbidity (suspended solids) removal, may not always be effective for removing pesticides. Thus, there is potential to investigate the efficiency of new generation, high-performance coagulants for the removal of trace organic contaminants.
